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A b s t r a c t  -------- 

The d e s i g n  of a d i g i t a l  raster system u s e d  w i t h  a 

computer  c o n t r o l  1 e d  s c a n n i n g  Auger m i c r o s c o p e  h a s  

b e e n  s i m p l i f i e d  by u s i n g  a p a t t e r n  g e n e r a t o r  b a s e d  o n  

a f a s t  random access memory. The  p a t t e r n  g e n e r a t o r  

allows a variety -- of s c a n  formats and  modes of - -I 

o p e r a t i o n  that  are necessary for t h e  o p e r a t i o n  of a 

combined SAM/SEM s y s t e m .  



1. I n t r o d u c t i o n  

Scanning Auger microscopy (SAM) ha5 become very 

dependent on computer techniques f o r  data a c q u i s i t i o n  

and r e s u l t s  presentat ion,  (Pru t ton  and Peacock 1982) 

and several  groups have used dedicated micro and 

minicomputers f o r  con t ro l  of  these inst ruments (e.g. 

Bishop 1980, Frank and Vasina 1980, Browning e t  a l .  

1982). A major element requ i red  i n  t h e  

computer/microscope i n t e r f a c e  i s  an image? r a s t e r  

generator. The r a s t e r  i s  needed f o r  r e g u l a r  scanning 

- - -- - -  -- - ._ 

L 

e l e c t r o n  microscopy (SEN) and f o r  d i s p l a y - o f  Auger 

images. I t i 5  poss ib le  t o  generate a scanning r a s t e r  

by us ing d i g i t a l  t o  analog (D/A) conver ters  d i r e c t l y  

from computer d i g i t a l  por ts ,  b u t  a l though simple, 

t h i s  i s  n o t  a good opt ion f o r  l i n e  and frame scan 

generati-on. The smaller minf-computers o f h m  used 

f o r  c o n t r o l l i n g  Auger microscopes a re  r e l a t i v z l y  slow 

compared w i t h  convent ional  r a s t e r i n g  e lec t ron i cs ,  and 

-- _. 

*& . . -  _ _  
5 

they are  a l s o  n o t  synchronous devices, which i s  a 

requirement f o r  photographic output.  Fur ther  t h e  

computer i s  unable t o  manipulate data and 

simultaneously ou tpu t  a scan f o r  SEN d isp lay .  The 

purpose o f  t h i s  paper i s  to descr ibe a d i g i t a l  r a s t e r  

generator t h a t  l a r g e l y  f rees  t h e  computer f rom a c t i v e  

-- 

c o n t r o l  and meets t h e  requirements f o r  synchronous 

opera t i on 5. 
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A d i g i t a l  p a t t e r n  generator was chosen as t h e  bas i s  

o f  t h e  r a s t e r  scan e lec t ron ics .  The p a t t e r n  be ing 

t h e  p i c t u r e  element ( p i x e l )  p o s i t i o n s  i n  t h e  a r ray  

t h a t  forms t h e  d i g i t a l l y  scanned image. T h e  r a s t e r  

scan being f u l l y  d i g i t a l  has t h e  advantage t h a t ,  

u n l i k e  a mix tu re  o f  analog and d i g i t a l  scans, o n l y  

one r a s t e r  system i s  needed f o r  SEM viewing, Auger 

imaging, and d i g i t a l  image output. A d i r e c t  l:i 

correspondence of SEM and Auger da ta  can be obtained 

- - _ _  
- w i t F a  s G g l e  = i ta l - - rds tw  system, and x5 SEN data 

can be annotared f r o m  sof tware,  c o l l e c t i o n  and 

i n t e r p r e t a t i o n  o f  r e s u l t 5  i s  made simpler.  

- 

There a re  two approaches t o  designing a d i g i t a l  

p a t t e r n  generator f o r  r a s t e r  scan. E i t h e r  a 

dedicated TTL l o g i c  u n i t  cou ld  be b u i l t ,  or  a 

- .  separate stand e l m e  microprocessor-- board us&.- T h e  

- disadvantage of- t he  first approach is tha t  o f  

designing a f l e x i b l e  system t h a t  i s  t h e  s imp les t  

- - 

i 

so lu t i on ,  g iven the  d i f f i c u l t i e s  o f  b u i l d i n g  and 

t e s t i n g  such equipment. The disadvantages o f  us ing  a 

dedicated board l e v e l  computer a re  t h a t  i t  i s  s t i l l  ui 
r e l a t i v e l y  slow, and true machine code programming 

task i s  considerable. In computer is ing t h e  Auger 
.~ 

microscope descr ibed by Todd e t  a l .  1979, t h e  output  

o f  a f a s t  r a s t e r  w a s  considered t o  be impor tant  i n  

viewing, n o t  o n l y  t h e  regu la r  SEH image, b u t  a l s o  



Auger images s to red  i n  t h e  computer memory. 

Therefore a dedicated TTL l o g i c  u n i t  was designed t o  

accomplish t h i s .  To s i m p l i f y  t h e  design, much o f  t h e  

p a t t e r n  generat ion i s  a c t u a l l y  done by a computer and 

then output by t h e  pa t te rn  ' genera to r '  from i t s  own 

i n t e r n a l  memory. 

The p a t t e r n  generator was designed t o  f a c i l i t a t e  a 

v a r i e t y  o f  operat ions a5 s e t  out  i n  t a b l e  1. The 

several  data types, and t h e  need t o  s e t  up sevcra l  

formats f o r  imaging, r e q u i r e s  t h a t  thd-"p%ttern 

- 

I- 

generator be more than a f i x e d  X,Y scan generator. 

F l e x i b i l i t y  has been obtained by us ing  data from a 2K 

by 16 b i t  random access memory (RAM) f o r  t h e  scanning 

X p i x e l  pos i t i on .  The l o g i c  has been s i m p l i f i e d  by 

us ing  a 16 b i t  c o n t r o l  r e g i s t e r  for accessing t h e  
- . _ A  - 

- -I - I- 

RAM, and c o n t r o l l i n g  the output  f unc t i ons .__  W y  t h e  

X p i x e l  data ( l i n e  scan)--+ms been--incJuwd+ . W e  

&_ RCIM, as t h e  Y data ( f r a m e  scan) can be generated by, 

- L- - -- -- - 
I - - - 

i 
_ _  -. - -  

and output from, t h e  computer w i thout  compromising 

speed of  operat ion.  Also f o r  r e g u l a r  SEM viewing a 

s imple Y scan i s  s u f f i c i e n t  and a counter has been 

used f o r  t h i s .  
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2. Theory o f  operat ion 

The p a t t e r n  generator was designed t o  be a computer 

c o n t r o l l e d  per iphera l  operated by two 16 b i t  buses. 

I n  t h e  a u t h o r ’ s  case these buses are  der ived from a 

Hewlet t  Packard HP9845E desktop minicomputer through 

two general purpose 1/0 p o r t s  (HP98CGZA). One of 

these 16 b i t  buses i s  used f o r  a data bits and t h e  

other  an address bus. The address and data buses 

a l s o  c o n t r o l  t h e  1/0 r e g i s t e r s  t o  t h e  microscope and 

T h e  c i r c u i t  Auaer sub-systems l s e e  F igu re  1 ) .  
._ 

- - - - - -  -- 

diagram f o r  t h e  pa t te rn  generator i s  s h o w n  i n  

F igure  2. 

The p a t t e r n  generator i s  based on a 2K by 16 b i t  RAM 

which i s  f i l l e d  w i th  X p i x e l  ( l i n e )  data generated 

+y the HP9845b computer. T h i s  X p i x e l  i n fo rma t ion  is 

~ ~ m T - c 1 o c k & d  t3Gt ird&pendent o f  ‘F+he -computer t o  
- 

- _  .. 
-- _ _  - 

__L . --- _ _  -- 
generate l i n e  and frame scans. Only 12 b i t s  of t h e  

RQM word are  used as X p i x e l  data, t h e  o ther  4 b i t s  
- 

are  used f o r  b lank ing o f  t h e  SEM d isp lays  and c o n t r o l  

of  t h e  counters. It i s  t h i s  approach, o f  us ing  t h e  

computer t o  generate the X p i x e l  data and c o n t r o l  

b i t s ,  t h a t  i n  r e l a t i v e  terms s i m p l i f i e s  the l o g i c a l  

design o f  t h e  p a t t e r n  generator. l h e  X p i x e l  ou tpu t  

o f  t h e  RAM 15 a l s o  very f l e x i b l e  i n  f o r m a t .  T h e  X 

p i ~ e l  positions can ti.; a r b i t r a r i l y  se t  by t h e  compu 

t e r  and several  modes o f  opera t ion  can be deriveel 

c 
J 



from t h e  th ree  c o n t r o l  b i t s .  The 2K RAM i s  d i v ided  

i n t o  two separate ly  addressable b locks  o f  1E x 16 

b i t s .  Two d i f f e r e n t  formats o f  up t o  1026 p o i n t s  per 

l i n e  can then be s to red  a t  any one time. 

Two d i f f e r e n t  methods o f  generat ing t h e  Y scan 

(frame) a re  Ltsed. The 12 b i t  Y scan data can e i t h e r  

be output d i r e c t l y  from t h e  computer on t o  a data 

s torage l a t c h ,  o r  an 8 b i t  counter can be used f o r  

generat ing a 256 l i n e  per frame r a s t e r .  The 256-f ine 

raster  i s  us rd  f G-regulw- f ;sf%EM v iewing  and -usixg 

an independent counter Trees €he computer from any 

- 
- 

need f o r  a c t i v e  cont ro l  a f t e r  setup. The RAM 

conta ins  t h e  b lank ing  and increment c o n t r o l  f o r  t h e  Y 

counter. T h i s  means t h a t  ‘hc, more than one Y 

i ncremen t i n s t  ruc  t i on per 1 i ne wi$%n!kned i n  the 

af 256/n equal 1 y spaced 1 i n e s  
- - - -_ - --I 

- 
c - 

-?. 
__I_ -- 

_ _  -- 

The outputs of  t h e  Riand t h e  X data l a t c h ,  a5 we l l  as 

t h e  8 b i t  counter and the  Y data l a t c h ,  a re  tri 

s ta te .  These are  connected d i r e c t l y  t o  the  

respec t i ve  12 b i t  D/A inputs. The choice o f  which 

outputs  a re  enabled i s  made by the  computer and se t  

in t h e  pattern qeneratorr c o n i r o l  c-Qgarter. A l l  of - 

t h e  output p o r t s  X ,  Y and Z (b lank ing  and image 

i n t e n s i t y )  can thus be c o n t r o l l e d  independently by  

t h e  computer f o r  tasks such as cursor generat ion and 

I 



p o i n t  d a t a  col l e c t i  on .  

2.1 C l o c k s  

The  t i m i n g  of t h e  p a t t e r n  g e n e r a t o r  is s y n c h r o n o u s  

a n d  s e p a r a t e  f r o m  t h e  c o m p u t e r  o p e r a t i o n s .  The  
< 

I t i m i n g  is g e n e r a t e d  by a 5 MHz c r y s t a l  c o n t r o l l e d  f _ c  . I  

o s c i l l a t o r  c o u n t e d  down b y  a n  8 b i t  v a r i a b l e  d i v i d e  

by  n c o u n t e r  t o  p r o d u c e  a v a r i a b l e  c l o c k .  The clock 

p e r i o d  is c o m p u t e r  c o n t r o l l e d  by s e t t i n g  a n  8 b i t  

- word o n t o  a l a t c h .  ' T h i s  w o r d  is loaded i n t o  the - 
-c- 
c o u n t e r  when--* t h e  coun  t er c a r r y  out, is 

- I 

T h i s  v a r i a b l e  clock c o n t r o l s  b o t h  t h e  s a m p l i n g  
- 

p e r i o d ,  f o r  c o l l e c t i o n  of e x p e r i m e n t a l  d a t a ,  as w e l l  

a5 t h e  r a s t e r i n g  s p e e d  of t h e  p a t t e r n  g e n e r a t o r .  

2.2 Sampl i ng  modes 

T h e r e  are t w o  modes  of  h u g e r  d a t a  collection. In -$he . .  
st)ccl)tcI\ 

---first- m o d  area. 15 %imned, --and the ----I"-- =- - 
" _-_ - _I 

_I _ _  -7 - - _ _  - 
' = a n  ' t i m e  is u s e d  a; t h e  d a t a  . a c q u i s i t i o n  t i m e  f F  

e l e c t r o n  c o u n t i n g  a n d  vo l t age  t o  f r e q i i e n c y  

- *  

e __  

c o n v e r s i  o n .  I n  t h e  s e c o n d  mode a s i n g l e  X a n d  Y 

p o s i t i o n  is o u t p u t ,  u s i n g  t h e  X ,  Y l a t c h e s ,  a n d  t h e  

d a t a  a c q u i s i t i o n  t i m e  is a m u l t i p l e  of  t h e  v a r i a b l e  

c l o c k  p e r i o d .  T w o  d i f f e r e n t  c o u n t e r s  are u s e d  f o r  

t h e s e  o p e r a t i o n s . C o r  area scan, t h e  RAM is a d d r e s s e d  

b y  a 10 b i t  c o u n t e r ,  w i t h  s i n g l e  f r a m e  c o n d i t i o n s  set 

- 
- - 

_- 

o n  t h e  con t ro l  regis ter .  F n r  s i n g l e  p o i n t  d a t a  

ac q u i  si t i on , a# ) b i t  c o u n t e r  is u s e d  t o  s c a l e  t h e  

seceqrl io 
7 



v a r i a b l e  c lock.  Both modes  are  s t a r t e d  by s e t t i n g  a 

f l i p - f l o p ,  which i s  rese t  a t  t h e  end o f  t h e  sampling 

per iod.  The s t a t e  of t h e  s t a r t / s t o p  f l i p - f l o p  

appears as b i t  14 o f  t h e  s t a t u s  r e g i s t e r .  

2.3 Contro l  word 

The l o g i c a l  design o f  t h e  p a t t e r n  generator i s  

s i m p l i f i e d  by us ing  a 16 b i t  c o n t r o l  word r e g i s t e r .  

Th is  r e g i s t e r  i s  addressed by t h e  computer and 

conta ins  t h e  in fo rmat ion  t h a t  enables t h e  tr i s t a t e  

outfyuts of t h e  RAM and_.X,Y latches. T h e  c o n t r o l  word _ -  - I - - .. -- _ _ _  

also conta ins  t h e  w r i t e  enable and c h i p  s t robes f o r  

operat ing t h e  RAM, and conta ins other  l o g i c a l  f l ags .  

Table 2 g ives  a l i s t  of the operations. Most o f  t h e  

l o g i c a l  dec is ions  i n  operat ing t h e  p a t t e r n  generator 

a re  theref  o re  made by the computers software. Except 

fw-- the TTL l o g i c  necessary t o  p r o t e c t  t h e  tr i s t a t e  

o*@ktK o n s t h e  Seed *-an asynch&ous interface  --- 

-&-the computer, l i t t l e  o ther  l o g i y  is requi red.  

- _  
n 

- -  - 
-- _ _  _ _  - 

-- -. 

2.4 Computer i n t e r f a c e  t im ing  

The asynchronous i n t e r f a c e  w i t h  t h e  computer i s  on 

t h e  data bus. The address and data buses der ived 

from t h e  HP98032A 1/0 p o r t s  have a two l i n e  handshake 

t h a t  must be s a t i s f i e d .  The i n i t i a t i n g  l i n e ,  

- per iphera l  control (PCTL), is set by - t h e  computer 

7 w h i c h  i s  t he  bus m a s t e r .  T&is l i n e  i s  then rese t  

a f t e r  t he  s e c o n d  l i n e ,  t h e  r e t u r n  pe r iphe ra l  + l a g  

(FFLG), i s  set. A new handshake can b e  i n i t i a t e d  

E! 



when PFLG i s  c leared  by the  per iphera l .  The 16 b i t  

bus used f o r  r e g i s t e r  addressing i n  t h e  p a t t e r n  

generator has these two l i n e s  l i n k e d  so t h a t  no 

per iphera l  de lay i s  introduced. The 16 b i t  data bus 

handshake i n t e r a c t s  w i t h  t he  p a t t e r n  generator i n  two 

ways. F i r s t l y ,  t h e  handshake i s  synchronized w i t h  

t h e  p a t t e r n  generator ' 5  va r iab le  i n t e r n a l  c lock.  

Secondly, t h e  synchronized handshake can be used a5 

t h e  c lock  f o r  operat ing the  RAM address 10 b i t  

counter. T h i s  allows t h e  computer t o  c lock  through 

t h e  RAM, and enter  data i n t o  t h e  RAM through t h e  X - 

l a t ch .  T h i s  load ing  operat ion i s  c o n t r o l l e d  by t h e  

- - 

- - 4- -- ---c- - "_ --- 

c o n t r o l  r e g i s t e r .  Using t h e  synchronous handshake as 

t h e  RAM c lock  a l s o  al lows t h e  computer t o  output  

images from memory. The computer can output  t o  t h e  

CRT d i sp lays  us ing  fas t  d i r e c t  memory acces~ (DMA) 

w h i l e  t h e  pat-t--ern qenerdo r  scans-a l i n e  --OT frame,-- 7 

-For th is  the tmtrol regigter has set a f h - Z  
- - 

i a t c h  

enable, FZE, which loads t h e  Z l a t c h  w i t h  computer 

output data as t h e  1 0  b i t  counter is clocked on w i t h  

t h e  DMA handshake. A f a s t  image d i s p l a y  of t h e  

-. 

\ 
computer memory i s  thus  ef fected.  

2.5 RAM c o n t r o l  b i t s  DX12-DX15 

The d i f ferent  - funct ions,  s inq le -A ine ,  and free _- 
running l i n e ,  b lank ing and Y counter increment are 

I 

c o n t r o l l e d  from t h e  contents of t h e  RAM. UX12 and 

DX13 are used as ' s top count '  and ' r e s e t  counters '  

9 



f l a g s ,  a n d  are a c t i v e  low. F o r  c o n t i n u o u s l y  r u n n i n g  

l i n e  a n d  f r a m e  s c a n 5  DX12, s t o p  c o u n t ,  i 5  set by  t h e  

c o m p u t e r  t o  b e  h i g h  a t  t h e  e n d  of a l i n e ,  w i t h  o n l y  

DX13, reset c o u n t e r s ,  l o w .  The  l i n e  s c a n  10 b i t  

c o u n t e r  is t h e n  reset t o  t h e  l o w e s t  RAM a d d r e s s  when 

DX13 is l o w ,  b u t  c o n t i n u e s  t o  c o u n t ,  o u t p u t i n g  t h e  

n e x t  l i n e .  A v a r i a b l e  l i n e  f l y b a c k  t i m e  c a n  b e  

g e n e r a t e d  b y  s e t t i n g  t h e  b l a n k i n g  l o w ,  a n d  o u t p u t i n g  

t h e  f i r s t  X p o s i t i o n  to  t h e  D / A  o n  several RAM 

addresses before reset c o u n t e r s  l o w  is r e a c h e d .  The  

Y c o u n t e r  _ i n c r e m e n t  15 n o r m a l l y  o u t p u t  one  a d d r e s s  

before t h e  re3et, but can be a n y w h e r e  i n  t h e  f l y b a c k .  

.- 

- - -- - -I_* 
- - ~  *-- - 

t 

- The  f l a g  FEI, f r a m e  end i n h i b i t ,  on  t h e  c o n t r o l  

r e g i s t e r ,  d e t e r m i n e s  w h e t h e r  a c o n t i n u o u s  f r a m e  or a 

s i n g l e  f r a m e  is o u t p u t .  T h i s  f l a g  i n h i b i t s  t h e  c a r r y  - 
o u t ,  CO, on t h e  8 b i t  Y c o u n t e r  wh ich  would  r e s e t - t h e  - - 

d - -. I_ 

.- 
_. - - r t a r t + s t o p  f l i p - f l o p  at  the end- a f r a m e .  - __  -- - 

T h e  

Operations 

combi n a t i  on  

. . .  .-.- .-..- ,-1 . .  
. . - . .- . . .  ... ii - . 

of s i n g l e  p o i n t ,  s i n g l e  l i n e ,  s i n g l e  

f r a m e ,  f r e e  r u n n i n g  l i n e  a n d  f r e e  r u n n i n g  f r a m e ,  

t a k e n  w i t h  a v a r i a b l e  c l o c k  a n d  i m a g e  f o r m a t ,  is 

s u f f i c i e n t  f o r  a l l  t h e  o p e r a t i o n s  l i s t e d  i n  t a b l e  1. 

The c o m p u t e r  c a n  be  f r e e d  f o r  o t h e r  t a s k s  d u r i n g  

acquirFtion or SEN r a s t e r i n g ,  and d u r i n g  operat ion 

w i l l  n o r m a l l y  o n l y  s ta r t  t h e  c o u n t i n g  a n d  m o n i t o r  t h e  

stop f l a g  on  t h e  s t a t u s  register. 

I 



Timing diagrams and f u r t h e r  details o f  operation are 

available from the author. 

- 

-- 
.---I 

I 
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3. Resul ts  

The computer c o n t r o l  l e d  p a t t e r n  generator i s  used 

w i t h  the  microscope described by Todd e t  a l .  1979. 

Thi s i s an e l  e c t r o s t a t i  c a l l  y scanned f i e l  d emi s s i  on 

microscope t h a t  i s  i n t e g r a l  t o  a concent r i c  

c y l i n d r i c a l  m i r r o r  analyzer. The operat ion o f  t h e  

i 

p a t t e r n  generator i s  c o n t r o l l e d  p a r t l y  through t h e  

use o f  menus displayed on t h e  HP9845B graphics 

d isp lay ,  and p a r t l y  by using t h e  e i g h t  programmable 
- - 

_- -,I 

' so f t keys '  on the graphics CRT hood. These so f t keys  - - - -  'lacL- -- F -  -- *-- 

can be l a b l e d  by usioq t h e  lower reg ion  of the - 

graphics d isp lay .  Magni f icat ion,  sweep speed, cursor  

- - 
- 

p o s i t i o n ,  photographic output, and other  f u n t i o n s  are  

c o n t r o l l e d  f rom these keys which use end o f  l i n e  

branching from t h e  main program. This  a l lows some 

i n t e r a c t i v e  c o n t r o l  of the SEM wh i le  other tasks  are 

An important f e a t u r e  of the  p a t t e r n  generator i s  t h e  

correspondence o f  SEM and Auger data. F igure  3 shows 

reference SEM output f o r  Auger l i n e  scan 

app l ica t ions .  T h e  micrograph i s  output on a 

Tekt ron ics 6024 d i sp lay  w i t h  800 l i n e s  r e s o l u t i o n .  

The r a s t e r  i s  1020x1020 p i x e l s  w i t h  a h i g h l i g h t e d  

cursor  showing the oampling pos i t ions .  l h e  end 
_-- ._ - ___ . 

p o i n t s  a re  s e t  LIS i n t e r a c t i v e l y ,  and displayed w i t h  a 

5 1 2 x 5 1 2  r e s o l u t i o n  over lay ing the normal 256x256 f a s t  

12 



scan SEN. Due t o  t h e  sweep delay i n  t h e  SEM scan 

e lec t ron i cs ,  t h e  ac tua l  end p o i n t s  a re  d isp laced from 

t h e  p o s i t i o n s  used f o r  Auger data c o l l e c t i o n ,  20% o f  

a l i n e  scan a t  t h e  highest sweep rates.  A slow scan 

photographic sweep w i t h  a cursor i s  t h e r e f o r e  

important f o r  i n t e r p r e t a t i o n  of  t h e  data. From a 

reference SEM such a5 f i g u r e  3, an accurate 

measurement o f  f e a t u r e  p o s i t i o n s  can be made, and 

r e l a t e d  t o  t h e  corresponding Auger l inescan. There 

- is a s i m i l a r  requirement f o r  p o i n t  and m u l t i p l e  p o i n t  

- -- -2 Auger epcc3roscopy. 

- 

The p a t t e r n  generator ha5 t h e  a b i l i t y  t o  c o n t r o l  t h e  

output  o f  data f r o m  t h e  computer memory f o r  

i n t e r a c t i v e  viewing, wi thout t h e  need f o r  a dedicated 

image frame s to re .  Because o f  t h e  r e l a t i v e l y  long 

a c q u i s i t i o n  t imes needed f o r  t h e  c r e a t i o n  o f  -Auger 
- -. -_ 

__ - _ .  _I_ -__ - - _  - 
_ _  - 3 

- -- - 

6econds, (BruNning et al,. 1 ? 7 ! t h e . - -  
- -I_ 

*- images, 10 - - 
-_-. -number of p i x e l s  i n  an image i s  normal ly  l c w e r  _.khan 

t h a t  used f o r  SEN imaging. The computer memory 

requirements a re  the re fo re  modest, needing o n l y  1 6 K  

bytes  per e l e c t r o n  energy imaged. A 128x128 image 

can be output  a t  a 1OHz r e p e t i t i o n  r a t e ,  t h i s  i s  

l i m i t e d  by t h e  HP98032A i n t e r f a c e  speed, and i s  

a p r a u l l y  displayed .an a s l o w  phosphor Tek t ron ics  401 

d i s p l a y  f o r  i n t e r a c t i v e  viewing. The con t ras t  and 

b lack l e v e l  a re  c o n t r o l l e d  try a s o f t k e y  menu. 

13 



As t he  image format i s  qui te  f l e x i b l e ,  images can be 

displayed on a l t e r n a t i v e s  t o  a square p i x e l  g r i d .  A 

128x128 image based on a hexagonal g r i d ,  s i x  equal 

d is tance nearest  neighbors, can be formed by loading 

one address block o f  the RAM w i t h  two o f f s e t  l i n e s ,  

and incrementing t h e  8 b i t  Y counter, w i t h  f l yback  

and blanking, f ou r  t i m e s  f o r  each scan o f  t h e  RAM. 

F igure  4b shows a hexagonally scanned Auger image 

w i t h  a SEM re ference Figure 4a. The Auger image i s  

f r o m  t h e  carbon KLL t rans i t ion  and each p i x e l  has 

been ' f i l l e d  ' out to a hexagon f o r  photography. The 

.. 

- I - - -  -. - - -_. 

SEM shows a sec t i on  o f  a tungsten cored Sic f i b e r .  

I 
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4. C o n c l u s i o n  

The  c o n c e p t  of u s i n g  a HFIM b a s e d  p a t t e r n  g e n e r a t o r  

f o r  r a s t e r i n g  a n  f iuger  m i c r o s c o p e ,  h a s  p r o v e d  v e r y  

- e f f e c t i v e .  CIS f a s t  TTL c o m p a t i b l e  R d i s  becoming 

l o w e r  p r i c e d ,  i t  is q u i t e  cos t  e f f e c t i v e  t o  r e p l a c e  

TTL l o g i c  w i t h  c o m p u t e r  p r o g r a m m a b l e  l o g i c  f o r  

s p e c i a l  f u n c t i o n  i n t e r f a c e  b o a r d s .  

- The p a t t e r n  genera tor  d e s c r i b e d  here ha6 b e e n  used 
- -- e- -sacL -- A- ----z 

#or mort of " t h e  opefatie6g rouk iRIe ly  used2'ir s c a n n i n g  
-_ 

L 

Auger m i c r o s c o p y ,  a n d  has been  f o u n d  t o  be a f l e x i b l e  - 

a n d  c o n v e n i e n t  s o l u t i o n ,  t h a t  w i l l  a l so  e n a b l e  n o v e l  

i m a g i n g  t e c h n i q u e s  t o  b e  t r i e d .  

-- - - - - - - -  - 
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Figure  Captions 

F i g .  1 System diagram f o r  SAM c o n t r o l  e l e c t r o n i c s .  

F i g .  2 C i r c u i t  diagram o f  RAM based p a t t e r n  

generator .  

F i g .  3 1020): 1020 p i x e l  r e f e r e n c e  SEM for Auger - - 
-- ---___ - l i n e  scans. -- 

F i g .  4a Reference SEM for  Auger image 4b. Sect ion  

of a tungsten cored Sic  f i b r e .  

F i g .  4b Carbon Auger image, 128x128 p i x e l s  on a 

hexagonal g r i d .  - _ -  - 
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Table 1 

Scan operat ions needed f o r  a SEM/Auger microscope. 

Auger spectroscopy Single p o i n t  sampling 

Area scanning sampl i ng 

Var i  ab1 e ac qui s i  t i  on t i  me 

I n t e r a c t  i ve cursor 

Auger l i n e  scans Rotatable vector  
I .  - - 1 1 . .  

- Var iab le s tep and l i n e  l eng th  
+--- - -I I_ "-- - 

.I_ 

Var i ab 1 e ac qui s i  t i  on t i me 

Double i n t e r a c t i v e  cursor 

l 

Auger images Var i ab1 e number of p i  x e l s  

Format f o r  i n t e n s i t y  d i sp lay ,  

I (Z mod) - 
- 

-=e.- _ -  - - .- - --- - Format fw-- Y a x i s  d i s p l a y ,  -). 
_ _  -._ . 

( Y  mod) . -- 
.- - -.a 

Variabl  e acqui s i t  i o n  t i  me 

SEM viewing Var iab le number o f  p i x e l s  

Var iab le scan speed 

F r e e  running frame 

Free running l i n e  

I n t e r a c t i v e  cursor 



SEM p h o t o g r a p h y  High  r e s o l u t i o n  s l o w  s c a n  

O p t i o n a l  c u r s o r s  and  a n n o t a t i o n  

S i n g l e  or m u l t i p l e  frames 

Data o u t p u t * +  I n t e r a c t i v e  i m a g e  d i s p l a y  

P h o t o g r a p h i c  image  r e c o r d i n g  

u* Most d a t a  o u t p u t  i s  on a g r a p h i c s  d i s p l a y  and  

p l o t t e r .  

.- -?" -a- a+r - -  r -- -. - 
L- 

c - 

. .. 
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T a b l e  2 

C e n t  rol word o p e r a t  i o n s  

High  b y t e  

Low b y t e  

_ _  

cwo 
- 

cw1 

cwz 

cw3 

cw4 

cw5 

CW6 

cw7 

c w 7  t 00 

Set counters t o  1'5, SCNT 

(RAM s c a n )  OR ( T i m e  sca ler)  out put e n a b l e ,  
a--c 

OCCE 

- 
( Y  la tch)  OR ( Y  counter)-ptit enable, OYE 

RAM :.:rite e n a b l e ,  WE 

- 
RAM o u t p u t  e n a b l e ,  OE 

t 

- 
X l a t c h  o u t p u t  e n a b l e ,  OXE 

I 

Raster clock: choice,  #$ 



CW8 RAM h i g h  address b l o c k ,  H I  

cw9 I n h i b i t  STOP f r o m  f r a m e  end, FEI 

- 
CWlO C l e a r  Y c o u n t e r ,  CY 

CWll - CW13 NOF' X 

- CW14 HAM c h i p  select,= 

_- 
cw15 

1 ~ __- --mu- 
Logic i n h i b i t  for RAM 1oadingT-WTI 

L- '#?t --- 

! 



c 

! 



_ -  
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Abstract 

Computerized instrumentation i s  playing 
an increasingly important par t  in the develop- 
ment of Auger microscopy. The problem d 
in te rpre t ing  Auger data is seen as  an area 
where computer methods a r e  p a r W a r l y  r e l e w n t  
and considerable progress is being made. 
of the problems associated w i t h  Auger micro- 
scopy a re  re la ted  t o  those of quant i ta t ive  
Auger spectroscopy and consideration of  
these may provide i n s i g h t  f o r  novel micro- 
scopic techniques. W i t h  the varied problems, 
methods and data types i n  Auger microscopy, 
large and sophisticated computer programs 
a re  necessary. The creation of these programs 
i s  a major task i n  implementing a computerized 
system as there  i s  l i t t l e  existing software 
tha t  i s  available and readily portable. 

Many 

KEY WORDS: Auger, Microscope, Microprobe 
Computer, Software, Scanning Auger Micro- 
scope, Data System, Topography, Noise, 
Quantitative. - 

Introduction 

With the advent of powerful, ye t  cheap, 
microprocessors, computer control and data 
acquisit ion have become almost an obligatory 
par t  of the instrumentation i n  many f i e lds  of 
physics, Surface physics similarly has moved 
towards d ig i t a l  techniques not only f o r  control 
and-acquisition b u t  a l so  to  use the computing 
power f o r  data reduction and presentation. 
Computers a re  used to  improve accuracy, t o  ex- 
pand the data s e t  and to increase the r a t e  
of information flow. However, i n  surface 
microscopy and i n  par t icu lar  scanning Auger 
microscopy, the computer is  not just a 
convenient data processor, i t  has become 
an integral part  of the apparatus and 
technique. T h i s  has not always been true. 
A1 though MacDonal d ( 1970) began w i t h  a 
computer controlled instrument, most of 
the i n i t i a l  experiments and instruments 
were not computer controlled. This, i n  
retrospect,  is  not surprising. The tech- 

and i n  par t icu lar  those w i t h  high brightness 
electron SOUPC~S, were novel and d i f f i c u l t  
t o  use without the added complication and 
expense of computerization. Furthermore, 
a pr ior i ,  i t  was not rea l ly  appreciated how 
l i t t l e  information about surface stoichiometry 
was contained i n  a raw Auger micrograph, Ono 
e t  a l .  (1974). As higher spa t ia l  resolution 
became available,  i t  was found t h a t  the surface 
topography o f  a sample dominated, producing 
a confusing and misleading image tha t  needed 
subjective in te rpre ta t ion ,  Seah and Hondros 
(1973). Powell e t  a l .  (1975), Venables e t  a l .  
(1976), Todd e t  a l .  (1979). Indeed, some 
ingenuity was needed to  find an elemental 
system i n  which the l a t en t  power o f  the 
imaging technique could be clearly demonstrated, 
Janssen and Venables (1977). I t  became more 
normal t o  use fine point electron spectrometry 
f o r  analysis with self-consistent nonnaliza- 
t ion  of Auger in tens i t ies .  Auger micrographs 
could then be used fo r  i n i t i a l  surveys, l i ne  
scans for  semi-quanti t a t i  ve analysis, and 
poi n t spe L t rome t ry  fo r  quanti t a  ti  ve anal ysi s. 
The larce information content of an image 
was re la t ive ly  untapped because of the problem 

- 

ndogies. ofhe U.H.V. .surface microscope, _ .  
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of separating out the contrast  mechanisms. W i t h  
the discovery of Janssen e t  a l .  (1977) t h a t  much 
of the topographic variation in Auger yield 
could be normalized by u s i n g  the similar vari- 
ation of the background electrons under the peak, 
Auger micrographs from rough surfaces became 
more meaningful. 
scheme gives good qual i ta t ive  resu l t s  on many 
samples, b u t  care must be taken t o  in t e rp re t  
the image as 10%-30% in tens i ty  variations may 
well be topographic. 
present a r e  chemical s h i f t s ,  backscattering 
variations from the b u l k ,  and accumulation of 
charge on oxides. The Auger image can thus be 
very complex, and i t  i s  partly f o r  this reason 
tha t  computerization of the image collection i s  
so necessary. 

In t h i s  paper we will review some of these 
contrast  mechanisms and other charac te r i s t ics  
of the data from an Auger microprobe. We will  
a l so  review some of the varied techniques f o r  
which computers have been used i n  Auger micro- 
probe analysis. Not a l l  Auger microprobes have 
been computerized for  image processing, and i t  
has by no means been demonstrated tha t  Auger 
imaging ka r o u ~ e c h n i q e P F o ~  ' a l s  - 
characterization, Prutton (1982). More eniphasfs 
has been recently put on c o m e i n g  techniques 
f o r  quant i ta t ive  analysis from spectra, The 
u t i l i t y  of computer methods f o r  characterizing 
the spectrometer response, and t h u s  in accurately 
comparing spectra w i t h  standards, has been 
c lear ly  demonstrated, Strausser e t  al .  (1981). 
However, f o r  rough and complex surfaces where 
Auger microprobe images cannot be quantified,  
then  some inaccuracy must persist i n  the analysis 
of spectra. To exploit  fu l ly  the power of the 
Auger microprobe on such surfaces, line scans 
and imaging mst play an important part. The 
computerization of an Auger microprobe must 
therefore be sufficiently f l ex ib l e  t o  not only 

-use present quantitative analysis methods, 
-bu t  a l so  t ~ b e  atale t o  incorpor&e new analytical 

methods . 

The use of this normalization 

Other contrast  mechanisms 

- 
Techniques and Appl i chons  _ .  

Taylor e t  al .  (1977) showed the u t i l i t y  of 
computer data processing to  reduce topographic 
e f f ec t s  on Auger images. First, they collected 
a l i ne  scan a t  the energy of the Auger peak 
and then a line scan a t  an energy i n  the back- 
ground. By subtracting the two l i n e  scans and 
normalizing the difference, the topographic 
contrast  was reduced. An Auger image could 
t h e n  be b u i l t - u p  photographically line by l ine.  
They a l so  demonstrated some other features of 
computerized acquisit ion,  v i z .  in te rac t ive  
graphics, results presentation, and data manipu- 
lat ion.  Keenan and McGuire (1977) had previously 
noted the advantage of in te rac t ive  graphics 
f o r  Auger data reduction, i n  allowing a variety 
of techniques to* tested and compared. T k y  --- 
a lso  pointed out the problems of creating a 
data g lu t  from the much more rapid acquisit ion 
of raw data, t o  which can be added the 'new 
data generated by the computer. Both Taylor 
e t  a l .  (1977) and Keenan and McGuire (1977) 
used the analogue output from the spectrometer 

system. 
to-frequency (V/F) converter, and an analogue- 
to-digital  (A/D)  converter, respectively. 
With the low beam currents used i n  high resolu- 
t ion microscopy, th i s  i s  not an ideal method. 
Microprobe Auger signals a r e  many orders of 
magnitude lower than w i t h  regular Auger spectro- 
scopy, even w i t h  h i g h  brightness electron sources, 
Powel 1 e t  a1 . (1975), Gerl ach and MacDonal d (1976), 
Venables e t  a l .  (1976), Bishop (1977), Browning 
e t  a l .  (1977), Todd e t  a l .  (1979), Todokoro 
e t  a l .  (1981). I t  i s  important, therefore 
t o  maximize the efficiency of detection. 
method t o  do th i s  is  to use an unmodulated 
spectrometer w i t h  electron pulse counting, 
MacDonald (1971), Prutton (1977). 
naturally t o  treatment by d ig i ta l  methods, b o t h  
i n  subtracting counts f o r  Auger imaging 
and a l so  for  generating r a s t e r s  and energy 
scans, Stai  b and Staudenmaier (1 977) , 
Browning e t  al .  (1977), Shimizu e t  a l .  
(1 977). 

brightness cathodes i s  a further reason f o r  
needing data reduction. 
vnstable h t h  4arge f luc tua t ions  of-beam 
current, Christou (1976), Nakagawa (1978). 
The e f f ec t s  a r e  mst severe f o r  field emission 
sources, and, i f  N(E) data i s  required, some 
form of normalization against  beammrrent  
i s  needed. Bishop (1977) used sample current,  
Browning e t  a l .  (1977) the SEM s igna l ,  Zironi 
and Poppa (1981) an internal anode current 
from the microscope column. For Auger mapping 
and dN( E)/dE spectra the background normal i za- 
t ion can be used t o  compensate fo r  the f l i cke r  
noise, Janssen e t  a l .  (1977). 

The computer hardware used on Auger 
microprobes has been qui te  varied. Strausser 
e t  a l .  (1981) and Keenan and McGuire (1977) 
used- minicomputers, w i t h  qu i te  simple in te r -  
faces t o  the microscope and anal zer. Bishop 
( 1 W )  and &arming & A I .  (198lf used desk 
top microcciinputerG-with Bishop using a separate 
dedicaed  microprocessor, and Browning e t  a l .  
caaplex logic and counters, for input/output. 
Frank and Vasina (1979), and Gerlach and 
MacDonald (1976) usea board-level microcomputers 
controlled from an instrument type f ront  panel, 
w i t h  'built-in'functions, fo r  operator u t i l i t y .  
The aims of computerization and the software 
a re  equally varied. Strausser e t  a l .  (1981) 
have concentrated on powerful data reduction fo r  
quantitative analysis from N ( E )  spectra during 
sput te r  profiling. They have used the Sickafus 
(1977a,b) linearized cascade f o r  background 
modeling, subtraction of standard spectra f o r  
quantifying overlapping fea tures ,  and  analysis of 
loss t a i l s  t o  look a t  near surface heterogeneity. 
Keenan and McGuire (1977), Shaffner and Keenan 
(1979) and Shaffner (1980) have used dN(E)/dE 
f o r  both Auger mapping and spectra. They 
h i m  concentrated on rctpid semiquantitative 
analysis and image processing. Bishop (1980) 
and Browning e t  al .  (1981), both using higher 
spa t ia l  resolution probes,L50nm, and f i e l d  
emission sources, had suppression of topo- 
graphic contrast and the f l i cke r  noise a s  
inmediate aims. 

They then d ig i t ized  using a voltage- 

One 

T h i s  leads 

The use of LaB6 and f i e ld  emission h i g h  

These sources can be 

- 
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In the l a s t  few years there has only been 
a handful of laboratories tha t  have computerized 
"in-house" an Auger microprobe, a s  an a l te rna t ive  
to  buying a comnercial product. As the available 
comnercial instruments improve i n  spa t ia l  
resolution and software, i t  i s  becoming more 
and more a t t r ac t ive  to buy a system rather than 
the elements to construct and build a system. 
In many ways t h i s  i s  inevitable and could be 
compared w i t h  the similar s i tua t ion  with regards 
to  regular SEM instrumentation. However, 
there i s  a problem w i t h  Auger microscopy related 
t o  the necessary computerization, and nearly 
complete control,  of these instruments. 
Comnercial software i s  often not readily access- 
i b l e  to the user t h u s  obstructing any change i n  
the technique desired by the researcher. T h i s  
hands-off approach by manufacturers i s  i n  
reaction to  the complexi t y  of the software, 
and the manufacturers need t o  service and 
maintain the software and hardware systems. 
The role computerization will play i n  a single 
research instrument will be inevitably more 
l imited,  a t  l e a s t  i n i t i a l l y .  I t  would then 
be a p p r o p r i a t u o  i m e l s n t  a fo 
computer system w i t h  the capabil Fd y o f  l-Ookin modff - 
cations a s  the methodology is  improved. Consider- 
ation of the signal charac te r i s t ics  o f  an - 
Auger microprobe, and the possible data reduc- 
t ion techniques, is  necessary i n  o rder  to do 
th i s .  

9 __- 

Signal Characterist ics 

The detected Auger signal from a surface 
i s  low level and very complex. Effects due 
to surface topography, the sample matrix, shot 
noise and very often f l i cke r  noise a re  some of 
the major causes of d i f f i cu l ty  i n  extracting 
information about the surface. 
Surface Topography 

Auger signal mrn apwe elemental-ple come 
- _  The e f fec t s  of _surface topography- on the 

from several mechanisms. 
effects a r e  due t o  (a)changes i n  Prinary 
excitation w i t h  incident angle, (b)emissjon 
anisotropies,  and (c)detection e f fec ts .  

( a )  As the primary beam angle o f  incidence 
varies away from the surface normal, the 
sampling volume increases a s  Sec 8 
unt i l  the range of the incident electrons 
comes w i t h i n  the escape depth of the Auger 
electrons. T h i s  i s  generally observed. 
but  o ther  processes lead to more complex 
dependencies, Holloway (1975), Al l ie  
e t  a l .  (1974). 
(b) The d i f f rac t ion  of Auger electrons 
and angular anisotropies in the Auger 
process will give apparent y ie ld  vari- 
a t ions  w i t h  e i t he r  topography o r  crystal 
grain orientations,  Aberdam et  a7. (1977), 
Zehner et  al. (1976). 
(c )  The detection of Auger electrons from 
a mugh surface will be influenced by 
several possible e f fec ts .  Besides the 
change i n  inclination angle of the 
detector to the surface,  which will  
sample the variations i n  emission, there 
a re  the e f fec ts  of shadowing. 

The most m-ked 

The detector 

- .  
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can either be shadowed by the surface i t s e l f  
o r  by obstruction of the detector by nearby 
raised surfaces, Prutton e t  a l .  (1983). 

Other topographical cont ras t  mechanisms 
include edge e f f ec t s ,  Shimizu et al .  (1978), 
and variations i n  sub-probe s ize  microroughness, 
Holloway (1975). 

Several methods have been published 
tha t  reduce the e f f ec t s  of surface topography 
on Auger micrographs, Seah and Lea (1973), 
Janssen e t  al. (1977). The majority of 
schemes a re  based on the s imi la r  topographic 
correspondence of the background and Auger 
signals. The background normalization methods 
were or ig ina l ly  used w i t h  analog lock-in 
detection and a modulated spectrometer, b u t  
they a re  now more commonly used w i t h  electron 
pulse counting and energy switching. 
method i s  i l l u s t r a t ed  i n  Fig. 1. The height 
of the Auger peak i s  measured by counting on the 
Auger peak (count N1) and then on the back- 
ground above the peak (count NE). The Auger 
signal i n t e n s i t y i s  represented by the 
difference, NI-Np. The Auger signal i s  then 
ratioed e i t h e r  by the background count Ne 

-or by (Nl + #*T+mrepresen t s  more c r b e l y  
the analogue method used by Jannsen e t  al .  
(1977). These schemes have been compared by 
Prutton e t  al .  (1983) who found tha t  while 
the normalization (N1 - N Z ) / ( N ~  + Np) gave 
l e s s  in tens i ty  variation w i t h  topography, 
the nonlinearity of this scheme would d i s t o r t  
the measurement of la rger  Auger peaks. They 
a l so  reported tha t  the absorption current on 
some single element samples was monotonic w i t h  
incident angle and used this very e f fec t ive ly  
i n  a correction to the (N1 - N2)/(N1 + N2) 
scheme. T h i s  i s  using a measure of 
the surface angle as a correction, b u t  
i t  is  limited i n  application, a s  the secondary 
electron-coefficient will a l so  vary w i t h  
surface muposit ion on plorc complicated 
s u r f a c e  T h i r f t r t - L h e m ~ p r o p o s e  measuring 
the surface angle by &ng- backscattering 
d e t e c t o r s 4  a siatifar cor-ction. Lebiedzik 
e t  al .  (1979) have published a method u s i n g  a 
quadrant backscattured e lec t ron  detector 
f o r  measurement of surface angle tha t  might 
be used i n  this context. 

The 

The advantage 

=N1 -N2 Auger 

=N2 Background N 

* . I  

ENERGY eV. 
F i g  1 

I l l u s t r a t ion  of the Auger signal used f o r  imaging. 
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of measuring the instantaneous angle would 
be enormous. For n o t  only could a correction 
f ac to r  be calculated, b u t  also a morphological 
surface profile.  There will be l imits t o  the 
technique, in that  positioning of the detectors 
will l imit  the measurable angular range, a n d  
the correction curve will no t  be expected t o  
be constant for  large changes in stoichiometry. 

Since Seah and Lea (1973) published their  
colour normalization technique, i t  has been 
used very l i t t l e .  Self-consistent normal- 
ization of multiple Auger intensi t ies  i s  well 
established for quantitative spectrometry 
b u t  i s  problematical for  Auger mapping. The 
requirements demand a large computer memory 
and a very s table  sample stage for the long 
d a t a  acquisition times needed. 
true i f  a 1:l comparison with SEM images i s  
needed f o r  techniques such as fa l se  colour 
presentations. The technique may well be a 
viable a1 ternative now t h a t  1 Mbyte memories 
are  available in small computer systems, as 
n o t  only several Auger intensi t ies  per pixel 
may be stored, b u t  a lso a higher resolution 
SEM image can be collected simultaneously. 
The d o u r  narwl i za t ion  metho- weHe- 
prove to-be valuable on very rough surfaces 
and also surfaces with some voltage contrast 
as a small amount of charging will produce 
a similar e f f ec t  on a l l  peaks i f  N ( E )  detection 
i s  used. 
Beam Current Flicker Noise 

In order t o  maximize the Auger count rates, 
while reducing the electron probe s ize ,  many 
surface physics microscopes use high brightness 
cathodes such as LaBg or  f i e l d  emission sources. 
These sources can be considerably nois ier  
t h a n  tungsten thermionic cathodes, Nakagawa 
(1978). 
sources, i n  par t icular ,  have a strong f l icker  
noise content. The fom of the f l icker-noise  
i s  dependent on the type of f i e l d  emitter. 
For example the current from tuagstett&lO) 
cold f i e l d  emission t ips  in general, decays 
by s teps  over a perigd of minutes o r  hours 
depending on the vacuum and extraction condi- 
t ions.  The emission is t h e n  recovered by high 
temperature flashing, Browning e t  a l .  (1977), 
Bishop (1977), Todokoro e t  a l .  (1981). For 
thermally assis ted tungsten (100) emission 
sources the average current i s  constant for  
very long periods b u t  the f l i cke r  noise content 
i s  of a higher frequency, typically 0.1 Hz 
to  10 M z  with 5%-10% deviations. 

This may make a considerable difference 
as t o  how the noise effects  are reduced. 
To a cer ta in  extent,  the reduction of the effects  
will a lso depend on which measurement i s  being 
taken. For Auger mapping, where signal-to- 
noise r a t io s  are  generally less  than  1O:l per 
pixel , the rat io  technique used f o r  topography 
suppression is qui te  good. Th i s  i s  also true 
f o r  line scans if the noise bandwidth is-smaller 
t h a n  the sampling bandwidth. For spectroscopy 
the detection of dN(E)/dE reduces the effects 
of f l i c k e r  noise considerabley, Pocker and 
Haas (1975), Todokoro e t  a l .  (1981), Todd and 
Poppa (1979). 
ation i s  normally above the noise frequency. 

The l a t t e r  i s  

Electron probes from f i e l d  emission 

- .  

Again, the high frequency modul- 

The f l i cke r  noise can be fur ther  reduced 
by normalizing the dN(E)/dE signal with the 
N ( E )  s ignal,  Janssen e t  a l .  (1977). However, 
the use of dN(E)/dE i s  attended by a loss 
of signal and consequently an increase in the 
relat ive shot noise, Frank and Vasina (1979). 
In microscopy, i t  i s  preferable t o  have 
another source of normalization, such as the 
sample current,  the secondary SEM signal,  o r  
current from a n  intermediate splash anode 
in the electron column, Bishop (19771, 
Browning e t  al .  (1977) ,  Zironi and  Poppa (1981) 
and use the direct  N ( E )  spectrum acquisit ion.  

The lower frequency (310) cold f i e l d  
emission noise appears easier  t o  t r e a t  t h a n  the 
higher frequency (100) emission noise, even 
thou h the total  changes can be larger.  The 
(3108 noise can be reduced considerably applying 
stringent vacuum conditions, Todokoro e t  a1 . 
(1981). and with lower frequencies the sampling 
of the beam current i s  less  problematic. For 
(100) thermally assisted emission this author has 
found that  sampling the beam current slower t h a n  
200 Hz, us ing  an analog-to-digital tonverter ,  
introduces out-of-phase noise when used fo r  

-at-- nomm4izing N(f) fpectra,  and is-skeltfore not  a t  
a l l  useful. Either many beam current samples 

jntegFating method must be used. 
Residual noise from beam fluctuation and 

other sources such as  vibration and pickup 
can be reduced by averaging spectra over 
many scans, this being a very comnon method 
used with digi ta l  acquisition. 
Shot Noise 

Shot noise i s  a fundamental l imit  t o  
signal measurement accuracy. I t s  consideration 
is  particularly important in the Auger micro- 
probe because o f  the low cross section fo r  
t h e  generation of Auger electrons and the 
presence of a large secondary electron back- 
ground. Shot noise originates in the random 

. 

m s t  be taken a t  a higher sampling r a t e  o r  an _. 
I 

-- a m o r r e l a t e d  arr ival  of e b c t r o n s  . a t  the & e L t o r  
y ~ ~ l e r  a f i n i t e  sampling period. ThTs-praZs._ 

- -=and the shot noise is  thenproportional to - 
tke-square root of the average sameed 
count. If  we can consider detecting NA 
electrons originating from an Auger t ransi t ion 
and NB Electrons originating from the 
unstructured background over a counting 
period, and i f  we take two samples, one 
on an Auger peak, and one off the Auger 
peak t o  determine the Auger s ignal ,  ( c . f .  
F ig .  11, then the signal-to-noise r a t i o  
i n  the measurement will be: 

p be described by Poisson Qtatisti-cs, - 

As background counts are from 5 t o  10 
times as  great as  Auger counts, then even 
a modest signal o noise ra t io  of 1O:l 

assumes an energy dispersive analyzer). To 
give some typical b u t  order of magnitude 
figures:  w i t h  1nA beam current,  a near 
monolayer of oxygen, detected with a CMA 
o f  1% resolution, a 100 ms sampling period 
would be required. This would imply nearly 

requires W A - U  s counts. (This re su l t  - 
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two minutes f o r  a 1000 eV spectra i n  I eV steps. 
I f  a 1% measurement accuracy o f  multiple peak 
heights were required, hours of acquisition 
would be necessary. Ignoring any questions 
of beam damage from such long exposures, i f  
high spa t i a l  resolution p o i n t  spectrometry 
were used, the spa t ia l  resolution would 
depend en t i r e ly  on the mechanical s t a b i l i t y  
of the stage,  the long-term d r i f t s  i n  the column, 
and e l ec t ron ic  s t ab i l i t y .  
t o  p u t  an exact f igure  on these d r i f t s  i n  the 
typical Auger microprobe as they a re  not 
normally quoted, and there a re  both long and 
shor t  term d r i f t s  in a stage relaxing a f t e r  
movement. I t  i s  very possible tha t  the spa t ia l  
resolution in many systems i s  actually limited 
by t h i s ,  ra ther  than the probe s ize  f o r  point 
spectrometry. I t  i s  c lear ly  important t o  keep 
to  a minimum the time required f o r  analysis 
of a point spectrum, and this will mean extract-  
ing signal from noisy spectra. 

The time needed f o r  acquisit ion can be 
reduced considerably by using smoothing and 
integration of peaks. Some of the smoothing 
meJhods sui tab le  fo r  Auger spectra have been 

- . reviewed by Yu e t  al. 11382). l h e  eas i e s t  
of these methods t o  implement i s  described by 
Savitsky and Golay (1964). Their method i s  
based on a l e a s t  squares f i t  of n points t o  
the data,  which reduces to weighting n points 
with a Gaussian and averaging. For a small 
number of points i n  the weighted average 
this i s  an a t t r ac t ive ly  simple smoothing 
routine, and computationally e f f ic ien t .  
B u t  i f  lower frequency noise is  to be removed 
the computation becomes less efficient and time 
consuming. For lower frequency noise either 
spline f i t t i n g ,  Reinsch (1967), o r  f a s t  Fourier 
transform techniques a re  used, Kosarev and 
Pantos (1983). Fourier transform techniques 
have t h e  advantage o f  u t i l i t y  i n  other process- 
ing such as di f fe ren t ia t ion  and integration, 
Keenan-md-McGuire (1977). Furtker,a fast 
Fourier tran_sform routine is re la t ive ly  

!# - -  d n p l e  to @gogram, 20 to 30 lines of-fORTRAN 
or BASIC, and these a re  often available as 

- b r a y  routines. The signal-to-noise r a t io  
can be further improved by subtracting the 
background and integrating the Auger peak, 
Hesse e t  a l .  (1976), Kirschner (1979), b u t  
this is not par t icu lar ly  straightforward. 
There a r e  several techniques tha t  have been 
applied to  the background s t r i p p i n g .  
f i t t i n g ,  Hesse e t  a l .  (1976), loss feature 
deconvolution, Madden and Houston (1976), 
and the l inear ized  cascade technique of 
Sickafus (1977a,b), and f i n a l l y  using the loss 
feature model of Shirley (1972), Sickafus 
( 1980). 
Matrix Effects 

I t  is d i f f i c u l t  

Spline 

Matrix effects such as backscatterina 
inhomogeneities and mean free path differences 
a r e  Contrastlnechanisms t h a t  may be significant 
i n  som applications. Variations in back- 
sca t te r ing  from inhomogeneous subsurface 
atomic number d is t r ibu t ions ,  give contrast  
in Auger y i e ld  t h a t  a r e  not related to the 
surface elemental distribution. Harris (19741, 

paths from near surface distributions w i l  
a l t e r  the apparent y ie lds ,  Seah and Dench 
(1979). The treatment of these complex 
mechanisms i n  imaging i s  somewhat specula 
a t  present. 
the yield variation from backscattering 
appears t o  be a function of the average 
atomic number i n  the sca t te r ing  volume. 

To a f i r s t  approximation 
i ve 

which will make the  problem mok t rac tab le ,  
Ichimura and Shimizu (1981). Bishop (1982) 
has suggested tha t  there i s  a possi b i  1 i ty of 
using the higher energy background electrons 
~2 keV as a normalization f o r  both topography 
and atomic number contrast. 
the background d is t r ibu t ion  is  not markedly 
d i f fe ren t  f o r  a change i n  angle of incidence 
and high energy background i s  not sensit ive 
to atomic number. 
comparing Auger/background ra t ios  from 
standard surface compositions, the unknown 
may be found just using a single peak. 
Another option is color normalization, as 
i t  appears t ha t  the r a t io  of s ens i t i v i ty  
factors is less variable w i t h  matrix e f f ec t s ,  
Hall et  al .  (1977). With widely differing 
Auger energles and substratt-8enrposi tions 
a simple approach is  l i ke ly  to  f a i l  and 
more information may be needed from t h e  sample 
such a s  the x-ray m i  croprobe signal,  K i  rschner 
(1979), o r  the backscattered electron s igna l ,  
Thomas (1 983). 

The shape of 

He suggests tha t ,  by 

General Considerations f o r  Conputerization 

I t  is  c l ea r  from the preceding sumnaries 
of the Auger microprobe signal charac te r i s t ics  
t ha t  t h e  computer will  be applied to  a 
wide range of tasks. I t  is  also c lear  
t ha t  the beam/sample interaction is  s t i l l  
being researched and tha t  the data reduction 

~ techniques are in.a proceu-uf evolution. 
This implies two things-dbouCthe hardware 

- and software, -psrticul- suibwe. . -- 
Firs t ly ,  i t  w i l l  be complex, and secondly, 

source code could well be many thousands of 
lines, t h i s  i s  a veryvnfriendly sofbrare 
environment.  Unnecessary complexity of 
hardware and software must therefore be 
kept  t o  a m i n i m u m  while a t  the same time 
the system must have forward looking f lex i -  
b i l i t y .  
problem area, as the r a t i o  of software 
development time t o  hardware development time 
is unlikely to  be less  than f ive  to one. 

The tasks of a computerized Auger 
acquisition system f a l l  in to  two main areas,  
quantification of spectra and image processing. 
The quantification of spectra using computer 
techniques and N(E)  spectra has been shown 
t o  be a grea t  advance over analog methods. 
T h i s  has been made possible because a local 
standards data  base can be set up, and il 
close definit ion of experimental operating 
conditions can be enacted. This must be a 
primary aim o f  any computerized system. 
For work on poorly defined and rough samples, 
sDectra a re  not su f f i c i en t .  On such samples 

- - - 
.--1.---it will 'be Zontfiiirally -. 'S"fne 

The software i s  the more c r i t i ca l  

Kirschner (1976), and variation i n  mean-free- imaging i s  v i t a l  t o  give information tha t  i s  

1659 
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charac te r i s t ic  of the sample, not the sampling 
positions. To do t h i s ,  novel techniques f o r  
image collection, processing, and display a r e  
needed. In general the main technique used a t  
present i s  a point-by-point background normal- 
ization with a single Auger peak acquired and 
displayed. 
very meaningful. 
problem w i t h  contrast  mechanisms, b u t  also 
because Auger images have an i l l  defined relation- 
ship with other data. Several improvements can 
be made to  imaging techniques w i t h  a l i t t l e  spec- 
ulation. Collection of simultaneous multiple 
images and a higher resolution SEM image would 
add synerg is t ica l ly  to the information presented 
e i the r  i n  f a l se  colour images o r  mixed images. 
This approach would a l so  provide an a l te rna t ive  
topographic and se l f  consistent normalization 
scheme. Collection of multiple backscattered 
images fo r  depth p ro f i l e  calculation and atomic 
number contrast  measurement could be valuable, 
while measurement of instantaneous incident 
angle would be usable i n  an additional cor- 
rection f o r  topography. Other information in the 
background, a t  high and low energies, will pro- 
vide fur ther  insight i n to  the beam/sample m e r -  
action. Clearly i n  designing a computer system 
f o r  Auger imaging the use of novel techniques 
must be allowed for .  

Auger images a re  therefore often n o t  
This i s  not only because of the 

Software 

The software i s  the most c r i t i c a l  element in 
any computerized design f o r  Auger microscopy. 
The many routines needed to interactively control 
the microscope, co l l ec t  the data, and then re- 
duce and present t ha t  data,  imply a large soft-  
ware s u i t e  and  several man-years of e f fo r t .  Any 
approach to the software i s  therefore a most 
important judgement area. One approach i s  to use 
existing programs, but the  varied- requirements 
w i t h i n  the surface microscopy f i e l d  have allowed 
very l i t t l e -cuHabora t ion  and -sW.ing o f s o f t -  
ware. 
p a t i b i l i t y  o f  software r u n  on d l f f e ren t  computers. 
There a re  a l so  feu guidelines, even to  which 
language would be most appropriate, b o t h  f o r  
present use and i n  the near future.  
extremely d i f f i c u l t  t o  quantify such variables 
as,  u t i l i t y ,  ease of programing, and f l ex ib i l i t y  
of a language and i t s  relationship t o  a par t i -  
cular problem area. 
FORTRAN appears t o  be the language of choice. 
FORTRAN has the advantages of por tab i l i ty ,  high 
leve l ,  and the inbui l t  speed of a compiled lan- 
guage. For data collection FORTRAN i s  n o t  so 
su i tab le  and i t  is often necessary f o r  reasons 
of speed to code portions of the programs dealing 
w i t h  i n p u t ,  output, and d i sk- f i le  handling in 
assembly language, Shaffner and Keenan (1979), 
Jones and U n i t t  (1980). With the wider dissemin- 
a t ion  of C a s  a programing language t h i s  task 
could be largely taken over by a higher level 
language, b u t  i t  i s  s t i l l  a necessity to  have an 
intimate knowledge of the operating system, 
Fisher and Cone (1382). Basic i s  generally 
considered t o  be a very poor language for  
writinq levqthy ijrograms. However, more 
recent BASIC d ia lec ts  have been written, 

- - 
This, in par t ,  is a l so  due to  the incom- 

. -. 
i 

I t  i s  

For image processing, 

t ha t ,  i f  used with care. can sa t i s fy  many of the 
requirements fo r  modular and structured programs 
tha t  are normally considered the province of 
PASCAL o r  C. BASIC, being an interactive lan- 
guage, is also particularly suitable for  control 
of instrumentation and t h i s  approach has been 
used by several grou s, Prutton and Peacock 
(1982), Bishop (1980y. T h i s  author has a l so  
used the Hewlett-Packard BASIC programs described 
by Prutton and Peacock (1982) as a basis fo r  a 
new program suite.  
a re  not portable from the computer se r ies  t ha t  
they were written for. 
generic UNIX operating systems fo r  small Com- 
puters may conceivably make programs more port- 
able, Warren (1983). PASCAL o r  C would then be 
the language of choice, b u t  t h i s  would be a t  the 
expense o f  the l i ne  interpretive f a c i l i t y  of 
BASIC which is  of great value i n  operating hard- 
ware and i n  rapidly implementing new ideas. The 
duplication i n  e f fo r t  seems l ike ly  t o  continue 
f o r  some time to come, but equally a major 
concern must be tha t  an individual groups invest- 
ment  i n  software i s  not  wasted as bo th  computer 
and microscope hardware changes. - 

Unfortunately these programs 

The movement towards 

1 _- --.- 
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Conclusion 
L 

The requirements f o r  computercontrol of 
surface physics microscopes a re  changing as new 
techniques are evolving. 
nology is  keeping pace w i t h  the requirements fo r  
nwnory size, data storage, and computation speed. 
The onus is now on the programer t o  produce well 
written software w i t h  a long l i f e  cycle. 
lack of por tab i l i ty  of programs i s  a serious 
drawback t o  e f f icent  use of resources within the 
f i e ld .  As the impact of software complexity 
becones apparent the d i f f i c u l t i e s  i n  implementing 
a new system may well have some negative e f f ec t  
on innovation. However the computerization of 
su r f se  microscopy has made possible considerable 
gaiw.4nreasu-uracy and *=tanding 
of the technique. Many novel methodro4re 
possible with computer controlled InsZBmentation 
and system should be designed w i t h  t h i s  as an 
integral  aim. 

New computer tech- 

The 
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. 
Computer Control for Surface Microscopy 

Discussion With  Reviewers 

H. E. Bishop: I feel  t ha t  the subject of 
computer control i n  AES has been rather neglected 
i n  the l i t e r a t u r e  considering i t s  widespread 
use, i n  par t icu lar  the user-machine interaction. 
Comnercial software i s  often very impressive 
a t  f i rs t  s igh t  b u t ,  as you have pointed out,  
can prove very r e s t r i c t ive .  Do you t h i n k  i t  
would be possible f o r  the Auger comnunity to  
draw up a general specification fo r  AES data 
systems as a guide t o  manufacturers and a s  a 
standard against  which a given system may be 
compared? 
A u t h o r :  
spec i f ica t ion  f o r  an AES data system would be 
valuable i f  one could be written. In both the 
hardware and software there a re  aspects t ha t  
could be generalized. I t h i n k  access to  
software i s  one such area and design of the 
systenlcomputer interface another. The sof t -  
ware is  the most important and will be the 
most d i f f i c u l t  t o  specify. 
of software around well enqineered modules, 

I cer ta in ly  t h i n k  t ha t  a general 

The construction 

a tool boxqpproachdould-a1 
access and a grea t  deal of f l  
compromising comnercial in te res t s ,  The separ- 
a t ion  of data collection, manQUlat~on, and 
presentation from the system control would 
allow t h i s  t o  be done safely,  even i n  highly 
automated systems. Por tab i l i ty  of  software 
is a l so  important however, and a standard 
would have to  be decided on. 
would be a very d i f f i c u l t  c r i t e r i a  t o  meet 
because the computer industry has no real 
standard f o r  small computer systems. 
natively,  a s  I believe you have done, one could 
specify the hardware/data system interface and 
leave the computation options open, where the 
line is drawn could be quite flexible.  However 
there i s  a wide d ispar i ty  of user needs and 
approaches so there m y  be a fwoblem i n  going 
mrch fu r the r than - fp i  t e  g e n e r a M t h e r e f o m -  
not very useful requirements. A m  point 

-out the subject has been negle-d there 
may be many c o m n  options tha t  should be 
drawn up as a specification. 
T. J. Shaffner: Would not a background correction 
scheme based on area, rather than single channel 
height as i n  F i g  1, be considerably more 
accurate? What work has been reported based 
on area measurements? 
Author. I t  would be more accurate to  use the a peaks, tha t  could be separated, fo r  
an estimate of the Auger yield. I don’t know 
whether this would s igni f icant ly  improve the 
normalization against topography using just 
one peak. The use of a single channel is 
a pragmatic approach f o r  use i n  l i ne  scans 
and imaging w i t h  the advantage of being a 
limited b u t  s e l f  consistent data set. I know 
o f  no publications t h a t  have used the ‘{ckafus _ -  
(1980) methodology €o investigate this 
problem, and I would assume tha t  this approach 
would be necessary t o  f i x  the limits of accuracy. 
T. J. Shaffner: You make reference t o  past 
and current work w i t h  f i e ld  emission sources, 
b u t  have not mentioned the constraints imposed 
on these systems by specimen damage. Would 

A t  present t h i s  

Alter- 

not the SIN advantage gained by f i e l d  emission 
be o f f s e t  by the real probabili ty tha t  outer 
monolayers of the specimen have been ruptured 
by such high electron fluxs (up t o  1000 
amp/cm2)? 
Author: 
b e g e d ,  bu t  apar t  from heating e f fec ts ,  
I believe tha t  most e f f ec t s  a r e  dose, not 
dose r a t e ,  dependent. 
i n  not having good signal to noise a t  h i g h  
spa t ia l  resolution. T h i s  allows one to  
make a trade off between spa t ia l  resolution 
and signal to noise on such samples. 

I t  i s  true t h a t  some specimens will 

So there is  no advantage 

.- 

.. 
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1. I n t r o d u c t i o n  

Scanning Auger e l e c t r o n  microscopes (SAM) can produce maps of t h e  d i s t r i b u -  
t i o n  of a chemical e lement  on a s u r f a c e  w i t h  a l a t e r a l  r e s o l u t i o n  of 100 nm 
or less. However, t h e  chemical  composi t ion of s u r f a c e  r e g i o n s  w i t h  a s i z e  
comparable t o  the measured r e s o l u t i o n  o f  a p a r t i c u l a r  SAM cannot be r e a d i l y  
ascer ta ined .  Even i f  t h e  specimen manipula tor  and beam d e f l e c t o r s  a l l o w  
t h e  probe t o  be pos i t ioned  on a small r e g i o n  o f  i n t e r e s t ,  i t  is  o f t e n  
imposs ib le  to c o l l e c t  po in t  s p e c t r a  from such a r e g i o n  because of  d r i f t  o f  
t h e  specimen s tage  r e l a t i v e  t o  t h e  e l e c t r o n  column. 
w h i l s t  d e l i b e r a t e l y  r a s t e r i n g  t h e  e l e c t r o n  probe over  an area of  t h e  
s u r f a c e  encompassing both a small r e g i o n  of i n t e r e s t  and t h e  surrounding 

e e g i t m s  do not  enable  t h e  c o m p o s i t i o n  o f ~ s m s l l  r e g i o n  t o  be found - 

d t r e c t l y  and, i f  t h e  r e g i o n  forms o n l y  (li-kmall p r o p o r t i o n  of  t h e  t o t a l  
acanned  s u r f a c e  a rea ,  i ts  c o n t r i b u t i o n  t o  t h e  spectrum may be obscured by 
s t a t i s t i c a l  noise. 
averaging  of s p e c t r a ,  l i n e s c a n s  and i m a g e s  i n  o r d e r  t o  improve t h e  SNR and 
t h i s  may preclude t h e  d e t e r m i n a t i o n  o f  chemical  composi t ion t o  t h e  d e s i r e d  
degree of accuracy. 
of the  s u r f a c e  d i f f e r s  by less than 10 a / o  dwel l  t i m e s  of  t h e  o r d e r  of  200 
me per p i x e l  a r e  g e n e r a l l y  necessary  and a chemical  map of 128 x 128 p i x e l s  
w i l l  t ake  3 5 5  minutes  t o  c o l l e c t .  Furthermore,  i f  t h e  s u r f a c e  i s  
chemica l ly  inhomogeneous on a s c a l e  comparable t o  one i n t e r - p i x e l  spac ing ,  
t h e  pixel- to-pixel  i n t e n s i t y  v a r i a t i o n  might  be mis takenly  a s c r i b e d  t o  
s t a t i s t i c a l  no ise  and would be o b l i t e r a t e d  by any subsequent s p a t i a l  
averaging of the  image array. 

The purpose o f  t h i s  paper is t o  d e s c r i b e  a "composition his togram" 
technique v h i c h  can be used t o  overcome some o f  t h e  problems a l l u d e d  t o  
above. It enables t h e  g a t h e r i n g  of s u r f a c e  chemical  in format ion  near  t h e  
maximum s p a t i a l  r e s o l u t i o n  i n  a SAM d e s p i t e  d r i f t  and f l u c t u a t i o n s  i n  t h e  
beam current .  Q a a p l e s  of  exper imenta l  r e s u f t d  obta ined  us ing  t h i s  
technique are presented and t h e i r  i n t e r p r e t a t i o n  is discussed. 

2. The Histogram Technique 

The c o l l e c t i o n  of composi t ion h is tograms i s  most e a s i l y  accomplished i f  a 
d i g i t a l  computer c o n t r o l s  t h e  SAM a s  is  t h e  c a s e  a t  York (Pru t ton  
1982). Auger images a r e  obta ined  by s t e p p i n g  t h e  e l e c t r o n  probe a c r o s s  t h e  
specimen sur face  and a c q u i r i n g  two pulse-counted N(E) s i g n a l s  a t  each 
point :  N 1  a t  t h e  energy E l  of t h e  Auger peak and N2 on t h e  background a t  E2 

Spect ra  c o l l e c t e d  

- 

D r i f t  o f  t h e  s t a g e  cao also prevent  t h e  repea ted  

I f  t h e  e l e m e n t a l  c o n c e n t r a t i o n  from r e g i o n  t o  r e g i o n  
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j u s t  above t h e  peak i n  energy. A composi t ion h is togram i s  a l s o  c o l l e c t e d  
w h i l e  s t e p p i n g  the probe across  t h e  s u r f a c e ,  e i t h e r  i n  a r a s t e r  or  random 
p a t t e r n ,  but for  each poin t  t h e  h e i g h t s  of two Auger peaks a r e  sampled. 
The r a t i o  of  peak h e i g h t s  is  used t o  c o n s t r u c t  a h i s togram of number of  
p o i n t s  ( v e r t i c a l  a x i s )  versus  peak he ight  r a t i o .  The p o s i t i o n  of t h e  probe 
when a p a r t i c u l a r  r a t i o  i s  obtained i s  not  s t o r e d  but t h e  number of  p i x e l s  
present  w i t h i n  each column of a h i s togram depends upon t h e  p r o p o r t i o n  of  
t h e  t o t a l  f rame scan  a r e a  which h a s  a composi t ion w i t h i n  t h e  range of 
r a t i o s  def ined  by t h e  column w i d t h  

During t h e  a c q u i s i t i o n  of composi t ion h is tograms a t  York, N 1 ,  N2 and t h e  
SEM s i g n a l  S a r e  acccumulated s imul taneous ly  f o r  each poin t  of  i n  image 
l i n e  andJ on a second scan  o f  t h e  same l i n e ,  N 3  and N4 f o r  a second Auger 
peak-are acquired a l o n g  w i t h  the  SI34 s i g n a l  S'. It i s  assumed t h a t  the 
specimen does not d r i f t  by an apprec iab le  amount i n  t h e  t i m e  t aken  f o r  one  
image l i n e  For each poin t  t h e  peak h e i g h t  r a t i o  i s  c a l c u l a t e d  us ing  

. . _  .-* 

The term S ' f S  compensates f o r  any change i n  beam c u r r e n t  which may have  
taken  p lace  between t h e  two l i n e  scans. No f u r t h e r  n o r m a l i s a t i o n  is 
r e q u i r e d  i f  i t  is assumed t h a t  both Auger peak h e i g h t s  have t h e  same 
dependence upon s u r f a c e  topography and t h a t  d i f f r a c t i o n  e f f e c t s  a r e  absent. 
An assembly language subprogram c o n t r o l s  t h e  SAM d u r i n g  h is togram 
c o l l e c t i o n  and updates a d i sp lay  of t h e  h is togram a s  t h e  da ta  a r e  
acquired. 
assess t h e  h is togram SNR and terminate a c q u i s i t i o n  when i t  i s  judged t o  be 
acceptable .  For t h e  h is tograms presented  i n  t h e  next  s e c t i o n ,  N 1 ,  N2, N 3  
and N4 nere each accumulated f o r  100 m s  a t  every  poin t  o f  a 64 x 64 p o i n t  
a ~ ; - S h & e  t a k e a  t o  co l t tc t  a hi4tngram w a s  theref--half  t h a t  
r e q u i r e d  for a s i n g l e  128 x 128 p i x e l  image (200 m s  per  pixel) .  

3. R e s u l t s  and I n t e r p r e t a t i o n  of Composition Ristograms 

A h i s togram obtained from an A I  specimen a f t e r  exposure t o  3000 L of 
oxygen is  shown i n  F ig  1. 
s i g n a l  by t h e  0 (510eV) KLL peak he ight ,  t h e  e n e r g i e s  of t h e s e  f e a t u r e s  
having been measured from N(E) spec t ra .  The A I  peak (sampled a t  an energy 
of 60 e V  f o r  the h is togram)  r e s u l t e d  from a s u p e r p o s i t i o n  of t h e  A I  (65 eV) I 

LVV peak and the chemica l ly  s h i f t e d  A1(AI2O3) peak near  50 eV. One l a r g e  
f e a t u r e  dominates t h e  composi t ion h is togram (Fig 1) and i t s  maximum l i e s  

s p e c t r a ,  t h e  expected r a t i o  f o r  specimen r e g i o n s  devoid o f  oxygen is E 123 
and a s m a l l  peak does appear  i n  the  his togram near  t h i s  va lue  of  R I f  t h e  
measured peak height  a t  510 e V  w e r e  t o  decrease ,  t h e  va lue  of  R would 
increase .  However, s t a t i s t i c a l  f l u c t u a t i o n s  might  cause  N4 t o  exceed N 3  
g iv ing  negat ive  v a l u e s  of R. Broad f e a t u r e s  i n  t h e  n e g a t i v e  r e g i o n  of  t h e  
h is togram are  v i s i b l e  i n  F ig  1. Although t h e  o r i g i n s  of some of  t h e  peaks 
are unknown, t h i s  h i s togram c l e a r l y  demonst ra tes  t h a t  t h e  A 1  h a s  been 
orridised non-uniformly on a s c a l e  a t  l e a s t  as g r e a t  as t h e  SAM s p a t i a l  
reso lu t ion .  Such a conclus ion  could not have been drawn from images 
obta ined  f r o m  t h i s  specimen and point  s p e c t r a  could be v e r y  m i s l e a d i n g  i n  
such s i t u a t i o n s .  

A more e a s i l y  i n t e r p r e t e d  his togram, from a s u r f a c e  o f  c lean  Ag, is shown 
i n  Fig 2a f o r  the r a t i o  of O(510 eV)KLL t o  Ag(353eV)MNN peak he ights .  By 
i t s  comparative s i m p l i c i t y  t h i s  f i g u r e  demonst ra tes  t h a t  t h e  many f e a t u r e s  
of Fig 1 v e r e  not a r t e f a c t s  of t h e  c o l l e c t i o n  system but were r e l a t e d  t o  

The provis ion  of t h i s  rea l - t ime d i s p l a y  a l l o w s  t h e  user  t o  

_i - _  

- 

Values of R were obta ined  by d i v i d i n g  t h e  A I  LVV 

t 

near  t h e  r a t i o  R=20 expected from t h e  peak h e i g h t s  i n  t h e  spec t ra .  From i 
w 
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t h e  n a t u r e  of the  specimen surface.  The scan  a r e a  used i n  t h e  h is togram of 
F ig  2a appeared t o  be f e a t u r e l e s s  i n  an SEM image. However, an a d j a c e n t  
reg ion  conta ined  a p a r t i c l e  s e v e r a l  microns across. 
p a r t i c l e  showed t h a t  i t  w a s  composed o f  Ag but a l s o  e x h i b i t e d  a s m a l l  
oxygen s i g n a l .  A his togram (Fig 2b) obtained from a specimen r e g i o n  
encompassing t h e  p a r t i c l e  e x h i b i t s  a shoulder  on t h e  s i d e  o f  t h e  main peak 
where no such shoulder  is  present  i n  Fig 2a. From s p e c t r a ,  t h e  r a t i o  of  
O/Ag peak h e i g h t s  was expected t o  be 0.06 f o r  c l e a n  Ag and 0.12 f o r  t h e  
p a r t i c l e .  
R i n  t h i s  case  was c a l c u l a t e d  by d i v i d i n g  a s m a l l  peak h e i g h t  (Nl-N2), 
which can be expected t o  have a Gaussian n o i s e  d i s t r i b u t i o n ,  by a l a r g e  
peak h e i g h t  (N3-N4), f o r  which t h e  SNR i s  much grea te r .  I f  t h e  much 
smaller n o i s e  c o n t r i b u t i o n  of  t h e  l a r g e  peak is neglec ted ,  t h e  h i s t o g r a m  
peak  shape is expected t o  be Gausclian. The measured w i & l t s f  the 
approximately Gaussian peak of  F ig  2a i s  i n  c l o s e  agreement w i t h  t h e  FWHM 
( f u l l - w i d t h  a t  half-maximum) c a l c u l a t e d  from t h e  s p e c t r a l  s igna l - to-noise  
r a t i o s .  
h e i g h t  t o  g i v e  R, t h e  observed h is togram p r o f i l e  is  asymmetr ic  a s  can be 
seen  from Fig 1. 

The wid th  of peaks i n  h is togram p l o t s  is  sometimes g r e a t e r  than a n t i c i p a t e d  
from an examination o f  SNR's i n  s p e c t r a  a s  i n  t h e  case of  F ig  3a which was 
obta ined  from an etched N i - C r - A 1  a l l o y  s u r f a c e  (El Gomati e t  a l ,  1983). To 
assist  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  h is togram of F ig  3a, i t  has  been 
r e p l o t t e d  on a l i n e a r  s c a l e  where t h e  h o r i z o n t a l  a x i s  va lue  f o r  a h i s t o g r a m  
p o i n t  of r a t i o  R is g iven  by 

Although t h e  result of  equat ion  (2) is p l o t t e d  on a scaleX--= 0 t o  100 *his  
must no t  be taken as r e f e r r i n g  t o  percentage  concentration.- B h a s  n o t  been 
c o r r e c t e d  t o  a l l o w  f o r  d i f f k  elcreot.1 s e n s i t i v i t w  & effecw 
and t h e  ra t io  of Bnly  t w o  peak h e i g h t s  (Cr(527 eV)/Ni(844 eV)) is d i s p l a y e d  
*or t h e  t e r n a r y  alloy. F i g 3 a a p p e a r s  To be d m b l e  -plyfagthat  a t  
least  two reg ions  of  d i f f e r i n g  composi t ion have c o n t r i b u t e d  t o  t h e  plot .  
Auger images o f  the same s u r f a c e  a l s o  showed t h a t  two d i s t i n c t  s u r f a c e  
phases were present  i n  r e g i o n s  20 U m  across. Ristograms from w i t h i n  t h e  
boundaries  of each of  t h e s e  phases a r e  shown i n  F igs  3 b  an2 3c which 
e x h i b i t  maxima for  d i f f e r e n t  v a l u e s  of  X. 
good approximation by a weighted a d d i t i o n  o f  3b and 3c where t h e  weight ings  
a r e  i n  accordance w i t h  t h e  a r e a s  occupied by each  phase i n  t h e  scanned a r e a  
of  F ig  3a. F i g s  3b and 3c are both broader  than expected from n o i s e  
arguments a lone  implying t h a t  t h e r e  i s  a spread  o f  composi t ions w i t h i n  each 
phase. 
a shoulder .  Auger imaging has  confirmed t h a t  w i t h i n  each s u r f a c e  phase 
boundary two d i s t i n c t  r e g i o n s  ( l e s s  than 2 pm a c r o s s )  of  d i f f e r i n g  
composi t ion are present. 

I n  conclusion,  the method of composi t ion h is tograms has  been used 
s u c c e s s f u l l y  i n  a number of  c a s e s  and is  a l r e a d y  proving t o  be a powerful  
m i c r o a n a l y s i s  technique. If is of p a r t i c u l a r  use i n  q u i c k l y  e s t a b l i s h i n g  
how many r e g i o n s  of d i f f e r i n g  composi t ion a r e  p r e s e n t  on a s u r f a c e  and, 
because i t  is  independent of d r i f t ,  d a t a  a c q u i s i t i o n  can be cont inued u n t i l  
t h e  d e s i r e d  SNR is a t t a i n e d .  

A spectrum from t h i s  

S i m i l a r  r a t i o s  were measured us ing  t h e  peak p o s i t i o n s  i n  F i g  2. 

- 

However, i f  a l a r g e  peak h e i g h t  is  d iv ided  by a much s m a l l e r  peak 

X = 100/(1+R) ( 2 )  

Fig 3a can be s y n t h e s i s e d  t o  a 

I n  addi t ion ,  each of  t h e s e  h is tograms c o n s i s t s  of  a main peak w i t h  
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